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Abstract- 
This paper will investigate the use of a three-to-one Matrix 
converter to synchronize the electrical energy and condition the 
output of the wind generator. A Matrix converter is a direct AC-
AC solution, removing the need for large smoothing capacitors in a 
typical rectifier/inverter solution. This paper will briefly review 
the Matrix converter operational theory. A simulation and the 
practical results of a three-to-one phase matrix converter for 
varying input frequencies are also presented. The conclusion 
shows that the proposal is a viable solution for small power wind 
harvesting. 
I. INTRODUCTION
The Electrical Energy Supply Authority in the Republic of 
South Africa (ESKOM) is facing the challenge of meeting the 
increase in electrical energy consumption in the country. 
ESKOM has committed itself to the electrification of almost 
100% of the country by 2014 [1]. These areas are mainly rural 
in nature. ESKOM has several large fossil-fuelled power 
generation plants (in the order of 3.6GW-4.2GW each) situated 
in the Northern section of the country where large reserves of 
coal are located. The power generated in this area is distributed 
to the country via the National Grid. A Central Control 
monitors and controls the National Grid system to ensure the 
quality of power and supply, i.e. voltage and frequency. 
The combination of renewable energy sources such as wind 
turbines, photovoltaic generators and small hydro power plants 
is widely recognized as a viable alternative to traditional 
electrification where the cost of grid connection may prove to 
be prohibitive [2]. 
Wind energy is an example of a renewable energy source. 
Various systems for the recovery of energy from the wind have 
been available [3] Small wind turbines typically consist of a 
variable speed rotor driving a permanent magnet synchronous 
generator. These wind turbine systems are generally used to 
charge a battery.  Internationally, there is a growing market for 
grid interactive small wind turbines (without battery storage) 
for home owners and small business in rural areas [3]. 
The main advantage of renewable energy sources is that the 
resource is inexhaustible. Additionally, harmful emissions are 
reduced or eliminated. The primary disadvantage, apart from 
the cost, is the reliability and control of the electrical energy. 
The availability of renewable energy sources has strong daily 
and seasonal patterns and the power demand by the consumer 
could have a different characteristic. [4]. This reason makes it 
difficult to operate a rural power system with wind generation 
systems due to the controllability, electrical energy 
synchronization and meeting the electrical energy demands of 
the customer. 
In this paper a small scale system of around 1 kW. Figure 1 
shows the general block diagram of wind generation system. 
When we propose the matrix converter, we should underline the 
direct frequency conversion as one “advantage”. 
Fig. 1 General scheme for wind generation 
Several authors use an ac to dc solution to harvest the 
energy produced by the wind turbine, followed by an inverter. 
The ac to dc conversion requires high values of smoothing 
capacitor due to the low frequency. In this paper a direct ac to 
ac conversion (solution) based on matrix converter theory is 
proposed.  
Furthermore, it is going to be proven that the matrix 
converter can produce an output voltage with a frequency 
higher than the input. One other merit of this solution consists 
in substituting the bulky smoothing capacitor with a much 
smaller one. 
II. PROPOSED MODEL
The basic diagram of the proposed three to one phase matrix 
converter is shown in figure 2. On each phase a bilateral switch 
is used (Si with i = 1,2,3...6). The path of the inductive output 
current through Lo is ensured by the switchable freewheeling 
path. This switchable freewheeling path is configured through 
the switches S7 and S8. The inductors L1, L2 and L3 have the 
function of mitigating the eventual short overlapping 
commutations during the switching period and voltage spikes 
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coming from the input. The spikes created by these inductors 
during the switching off period are limited by the classic 
solution of diode-bridge and capacitor Ci. All auxiliary 
electronics are also powered by this circuit, since the capacitor, 
Ci, functions as an energy reservoir. 
The controller collects information of the three phase input 
voltage system and output voltage and generates the gate 
triggering signals according to the objective functions required. 
The first objective function is to provide the demanded 
reference which in this application is a sinusoid of 50 Hz 
frequency of unity amplitude. The type of modulation used in 
this application is a Sinusoidal Pulse Width Modulation 
(SPWM). 
Fig. 2 Three to one phase converter – basic diagram
A. Operation Modes 
The figures highlight the current flow for the output with 
respective on and off switching cycles. When the output is on 
the positive semi-period, the controller detects the “zones” of 
positive input voltage and provides a SPWM signal for the 
respective switches (Si with i = 1, 3, 5).  
A similar logic function is employed for the negative semi-
period of the output voltage. The switches activated are Si with i
= 2, 4, 6.  
When any of the previous switches are OFF, then the 
inductive current flows through freewheeling path. This is 
either S7 or S8. Figures 3 and 4 show the current flow for the 
positive and negative semi-period during ON and OFF. 
Fig. 3 Current flow for positive half-cycle; a) switch ON; b) 
switch OFF, freewheeling ON 
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Fig. 4 Current flow for negative half-cycle; a) switch ON; b) 
switch OFF, freewheeling ON 
B. Model Analysis 
The basic principle of operation of a matrix converter is 
modeled and discussed in several papers [5],[6],[7],[8]. The 
output voltage Vo is derived from the three-phase input voltage 
as: 
[ ]( ) ( ) ( )o iV t S t V t=   
   
 (1) 
where: 
( )sino m oV V tω= (2) 
( ) ( ) ( )sin sin 2 / 3 sin 2 /3 Ti im i im i im iV V t V t V tω ω π ω π = − +
 
 (3) 
and S is the switching matrix: 
1,2 3,4 5,6S S S S =
 
 (4) 
where in fact S1,2, S3,4 and S5,6 are the duty cycles of the 
respective switches: 
1,2 ON12 /S t Ts= (5) 
Ts is the period of the switching frequency (carrier) and is 
recommended to be 20 times higher than the output frequency. 
The duty cycles should satisfy the condition: 
1,2 3,4 5,6 1S S S+ + =  (6) 
The appropriate duty cycle may be determined using the 
Venturini algorithm [9]: 
1,2 3,4 5,6s s s sT S T S T S T= + +  (7) 
Switches are operated as such that the average value of the 
output voltage is equal to desired voltage during each sampling 
period Ts. The maximum peak-peak output voltage should be 
contained within the continuous envelope of input voltages in 
order to have complete control of the output voltage. This 
restricts the maximum transfer ratio for the average output to 
0.5p.u. of the input. 
III. SIMULATION RESULTS
Fig 6 shows the simulation model built using the 
MATLAB/SIMULINK platform. The modulation technique 
included the dead-time mitigation of the switches. The 
inductive load current was diverted through the switches of the 
free-wheeling diode. An LC filter was used smooth the output 
of the converter. The parameters of the LC filter and the load 
were L = 3mH, C = 20μF and R = 2.5 .  
Fig.6 Simulation model 
Fig7 shows the output voltage at 50Hz for an input of 28 Vrms
at 10Hz to the matrix converter and Fig 8 indicates the output 
voltage of the converter with same 50 Hz frequency supplied 
with an input of 140Vrms at 25Hz.  
Fig.7 Output voltage for 10 Hz input system. 
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Fig. 8 Output voltage for 25 Hz input system. 
IV. PRACTICAL RESULTS
The experiential model replaced the variable wind-speed 
generator with a 2-pole synchronous machine driven by a 
separately excited DC motor. The parameters of the LC filter 
used in the experimental model was similar the values used in 
the simulation. Fig 9 shows the experimental setup.  
Fig. 9 Experimental setup 
Fig 10 shows the 50Hz output voltage against a three phase 
10Hz input. Fig 11 shows the 50Hz output voltage against a 
three phase 25Hz input. 
Fig. 10 Output voltage for a 10Hz input system 
Fig. 11 Output voltage for a 25Hz input system 
V. CONCLUSIONS
This paper has shown the effectiveness of a three to one 
matrix converter. A model was developed in MATLAB and 
verified with a practical laboratory prototype. The simulation 
and practical results validate the three to one concept for a 
range of low input frequencies. The low input frequencies are 
typical for area with low wind speed. The bulkiness of the 
required DC bus for such low frequencies justifies the proposed 
matrix based solution. 
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